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5 POLYMER— POT iVPEPTT nr; rn^ gTT M &wn METHOD 

Field of ^ e m^f *^ 

for T trJr Sent inV6nti0n rel3teS t0 an iaprOVeBe nt in « -thod 
for treating a subject by parenteral administration of an 

—genie polypeptide. This invention also relates to a 
10 P^;:id°e n . UtmZed ^ ~ administration^^ 
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Zaplipsky, S., et al., (1991) Polymeric nr„r, g (Dunn , R . L> 
and Ottenbrete, R. M. , eds.) American Chemical Society, pp. 91. 

3 - Backgrou nd of the Invention 

A variety of medical conditions can be treated by parenteral 
administration of antibodies or enzyme polypeptides. For 
example, monoclonal or polyclonal antibodies against different 
epitopes of a patient's CD4+ cells are administered alone, or in 
combination with other immunosuppressive compounds, for 
treatment of rheumatoid arthritis and other autoimmune diseases, 
or for the suppression of graft/host reactions or 

transplantation rejection. For treatina f,™„r e 

anybodies may be coupled to toxins or radionuclides , or to 
chemotherapeutic drugs for targeting these compounds to tumor 
20 cells (Sehon, 1992) . 

Among therapeutic enzymes, streptokinase is commonly 
administered for the treatment or prevention of blood clotting 
and thrombus formation. Tissue plasminogen activator is also 
used to prevent thrombus formation (Cherng) . 

25 m many cases, these therapeutic polypeptides are derived 

from nonhuman sources, or otherwise may include regions which 
are able to provoke an immune response. Repeated administration 
of such polypeptides can result in undesired side effects, such 
as serum sickness, anaphylactic symptoms, and/or liver 

30 complications. 

To reduce immunological complications from treatment with 
foreign antibodies, a chimeric antibody constructed to have 
human constant regions and mouse variable regions has been 
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proposed (Greiner,. However, the antibody nay still provoke en 
inmune response egeinst the variable regions . 

in another approach the polypeptide is derivatized with 
aultlpl. polyethylene glycol chains, by covalent attachment of 
the chains to reectiv. sites, typioelly anines. on the 
polypeptide. The derivati.ed polypeptide, when administered 

T\ZtlST t" dire0ted a9ain " P°^Pti*e. Leer 

an initial treafent with the derivatited polypeptide, the 
systen is less responsive to the polypeptide in free 

to he adninistered in f ree for. 
with reduced imnune-respons, co»plications (Lee, 1977) 

of e^eTT SU " erS £r °" 3 P ° tentlal *"*«*• "Lb-* 
oesrrovT T~ P ° ly " erS t0 * Peptide S"«ace nay 

for! 6 res P° n5e <*•" administered in free 

4 - SMwmarv of th. avama, 

treatin, ^t'" relateS <=° »" -Provenent in a nethod for 
treating a subject by parenteral administration of .„ 
in.unog.nzc polypeptide. The i„prove„.„t includes * ™ 

cZl t^ Pare " teral ad » inis »»ion of a polyner%oT;"pt7d 
cha C H° mPOSa<i ° f — Polyethylenf glycol 

r^e" SUrrOU " a ' ^ "~ ~ ™» 

"°" S <** polypeptide is attached to a particle 

attLhedTo th S 1S SarrOUnaM ^ 3 ^ - PEG^ chains 

lei 3 ™' Parti ° le SUrta ° e - 11,6 " E5 fcave a 

nolec. ar „erght between about 1.000-10,000 daltons, and the 

Upostl " hl ° h ChainS a " d ^^eptides are attached is I 

of tb , eT„ i Tnt e ' lb ° di ° antS °' P 01 ^-P=>«»P"a. depositions 
the invention, the polypeptide is: ,., , xenogeneic 
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antibody, or a xenogeneic antibody f k frammn , 
liposome surface by high-aff initv fra ^ ent ' attached to the 
an antigen substrate co" len t^ ^ ^ding to 

surface, (b , an allergen atta ched t o t'h • * ^ 
' Motin/avidin high-aff i nity JJ^g or c) aT" * 
to the liposome surface bvh - 5 enZyne atta ^ed 

to an irreversible et^lti::: 101 ^' — 

- S^iStUT inV6nti0n inClUd - * of 

-mrLr tz °^rr-- — - 

description of the invention is read Tn * detail6d 

accompanying drawings. conjunction with the 

Figs 1A j^****^^ 
Polypeptide compos^:™!:^ 0 " 5 ° f Up ° S °- P°^er- 
attached to a liposome "s^acT^ g ' 

attached to a liposome surface L I ' P^eptide is 

(PEG) spacer arm (Fig 1B) < , ' " P ° lyeth ^- glycol 
liposome surface by hiah * P ° lypeptide ^ bound to a 

- the liposome surface ^ T " ^ ~ 

a liposome surface bv h k 3 P ° lype P tide is bound to 

^taratt^^^^ 1 ** bi »<^ to an en 2 yme 
Polypeptide is bound bt b io t / SUrfaCe ^ 1D) ' <*> • 

having surf ace-boun d i biotinT t0 3 lip ° S °» e 

Fi 9. 2 illustrates a st 
Phosphatidylethanolamine r PE , ** " fonnatio " of « 

Privatized with a maleimide groU p-° Se POl3r ^ ^ " 

poJtad 3 g^p 3 r^-r:^r ation ° f a « — 

Fig. 4 shows steps in foZT T br ° m ° aCetamide *roup; 

PEG spacer chain havin, a re Tc t \" deriVati " d ^ a ^ort 

9 3 reactiv e maleimide group at its free 
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Fig. 5 shows steos in • 
™ =P.=er chain having an ZlZl' ' " ^ Va ^ * ' — t 
«»■ « show, at' ™ a . 1< " hyde « "a tree M , 

F^. 7 shows a reaction , free end ' 

Polypeptide, via a sulhydr^Tgroup of . 

derivatized P E; 9 UP ' to a "aleimide group of a 

Fig, 8 shows a t-» 4- ■ 
» Polypeptide to a derivatteTp^ "J^T ° f * 

reductive anination; alde hyde groups via 

Figs. 9A-9C illust7- a +.- 
M.. *» ior use i.^TT'" " 8 bi0ti "W"«, PE 

"inoing « th . bi = tinylat : f a ' bl "" y *« W (Fig. ana 
staining biotinylataa w „. " cule to • liposome surface 

between surf ace-beund biotin IZ faction, 
(Fig- 9C) ; and ' 3Vldln ' and bi ^in attached to i gG 

p ig. 10 shows a plot of a f 
liposomes exposed of hydra**. °* galli ^ 7 ^^elled 
egg Phosphatidylcholine ( ph EPC) and !' T^ 1 ^ h ^-ated 
liposomes), or hyar^.^^^ 1 "^ (*W-HZ fluid 
Phosphatidylcholine (HSPC) j f' ^rogenated serum 
liposomes) in the bloodstream Ch ° leste ^ (PEG-HZ rigid 

"Vesicle-forming i ipid „ 
f ormxng par t of a stable micelle L . C3Pable of 

typically including two hvdronh !• llposoine composition and 
a steroid group and a polar trou" T ^ins or 

chemical group, SUch as an ^nT ""^ 9 "~^e 

^cohol. 30 amine ' "id, ester, aldehyde or 
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Allergen" refers to a polypeptide capable of eliciting an 
immune response, typically involving immunoglobulin E (i gE) 
when a subject is exposed parenterally to the allergen 

"Antigen" refers to a polypeptide capable of eliciting an 
5 response, typically involving an Ig G or IgM immune response 
when a subject is exposed parenterally to the antigen. 

"Immunogen" refers to either an allergen or an antigen. 
to h ?K P V P ° SeS ° f thiS inVention the te ™ "Polypeptide" refers 
10 tl T 9 PePtid6S ' e ' g " havin * 1— than 50 amino acid 
10 residues and to larger polypeptides, e.g.,. having up to 200 
ammo acid residues or even larger. 

"Substrate" refers to a compound attached 

nLv 1 li !r° ne SUrf3Ce C3Pable ° f bindin *' covalently or 
nocovalently, a polypeptide to a liposome surface. 

15 "High-affinity binding" refers to substrate binding to a 

polypeptide with an affinity constant greater than 10* £ and 
prererahly greater than 10' M"'. Exanmles 

Additionally, "irreversible binding- refers to high-affinity 
substrate binding by a polypeptide> the aubstrete- 

polypaptide cosple* is stable and is chareoterized by e u^e 

1! T ^reversible binding can ooour by coyalent 

attaohsent of a substrate to an enzyoe, or by high affinity 
nonooyalent binding of , substrate to an enzyse. Lsp" es OI 
suoh rrreversible binding between substrate and enzyse, I^ud. 

30 IZllZt T^T " "-~atas Ld 

Ztl] ^ Vanad « te biMi "* *o "uoLotide- 

hydrolyzing enzymes. 



11 ' . p °lVi"er-Polvp^i-irt 0 coao 0 c.it^no 
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Figures 1A-1E illustrate various embodiments of a liposomal 
polymer-polypeptide composition for use in the invention. The 
composition will be described in its general features with 
respect to to Fig. ia. The figure shows a portion of the outer 
bilayer 10 of a liposome 12 having an outer surface 14. 
Typically, the liposome will include additional bilayers which 
are within the outer layer shown. The outer bilayer itself is 
composed of confronting lipid layers 10a and 10b which are the 
interior and exterior lipid layers, respectively, of the 
billayer, each layer being composed of vesicle-forming lipids, 
such as phospholipids and cholesterol. Methods for forming 
liposomes suitable for use in the composition are described 
below. More generally, the liposome is representative of a 
particle support forming part of the composition. 

The composition includes molecules of a polypeptide, such as 
polypeptide 16 which is attached to the outer liposome surface 
by covalent coupling to one of the lipids, such as indicated at 
18, forming the outer layer of the outer bilayer. Polypeptides 
suitable for use in the invention, and methods of their 
20 preparation are described below, in the embodiment shown, the 
polypeptide is attached by direct covalent coupling to the polar 
head group of a lipid, such as lipid 18, in the outer layer of 
the liposome's outer bilayer. in the embodiments discussed 
below, other methods of attaching polypeptides to the outer 
25 surfaces of liposomes are described. 

According to an important feature of the invention, the 
polypeptide molecules attached to the liposome outer surface are 
surrounded by, but not covalently linked to, hydrophilic polymer 
chaxns, such as chains 20, which are also carried on the 
30 liposome's outer surface. The polymer chains are preferably 
polyethylene glycol ( PEG) chains having molecular weights 
between about 1,000 and 10,000 daltons, correspondig to polymer 
chain lengths of about 22 to 220 ethylene oxide units. 
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The polymer chains are covalently attached to the polar head 
groups of vesicle-f orming lipids in the outer layer of the 
liposome's outer bilayer. Methods of forming PEG-derivatized 
lipids will be described below. As seen from the figure, the 
5 polymer chains form a layer 22 whose thickness is sufficient to 
cover at least a portion of the polypeptide. Typically, the PEG 
chains are selected in length so that the layer formed by the 
polymers will cover all or most of the polypeptide attached to 
the liposome surface. For example, a polymer layer composed of 
10 PEG chains having a molecular weight of about 2,000 daltons has 
an apparent layer thickness of about 50 angstroms (Needham) . 
This polymer layer would therefore be effective in covering a 
globular polypeptide having rough dimensions of less than about 
50 A diameter. 

15 In one particular embodiment, illustrated in Figure IB, the 

polypeptide in the composition is attached to the liposome outer 
surface by a short polymer chain. The figure shows a liposome 
bilayer portion 24 with a layer 26 of PEG chains, as above. The 
polypeptide, such as polypeptide 28, is attached to the liposome 
20 outer surface by a spacer chain, such as chain 30. The spacer 
chain is preferably a short hydrophilic chain, such as a 100-500 
dalton PEG chain, which is itself coupled to the polar head 
group of a lipid, such as lipid 32, in the outer layer 34 of the 
liposome bilayer. The short spacer chain contains a 
25 derivatizable group 36 at its free end. 

The present embodiment allows the polypeptide in the polymer 
layer to be positioned at a selected depth in the layer, as 
shown, to increase or decrease the extent to which the 
polypeptide is buried in the polymer layer. For example, in a 
30 polymer layer having a thickness of about 50 A, a small 
polypeptide, e.g., one having a globular size of less than 20 A, 
may be advantageously placed adjacent the outer surface of the 
layer by a 100-500 dalton PEG spacer chain, as shown. As in the 
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general composition described with respect to Fig. ia, the 
polpeptide is surrounded by, but not covalently linked to', the 
PEG chains which form the polymer layer on the liposomes. 

In one particular embodiment, illustrated in Figure 1C, the 
5 polypeptide in the composition is an antibody or antibody 
... fragment attached to the liposome outer surface by specific, 
high-affinity binding to an antigen, or antigenic substrate,' 
carried on the liposome outer surface. The figure shows a 
liposome bilayer portion 38 with a layer 40 of PEG chains, as 
10 above. A polypeptide, such as polypeptide 42, is attached to 
the liposome outer surface by high-affinity binding to an 
antigen, such as antigen 44, covalently attached to to the 
polar head group of a lipid, such as lipid 46, in the "outer 
layer of the liposome bilayer. 

As in the general composition described with respect to Fig. 
1A, the polpeptide is surrounded by, but not covalently linked 
to, the PEG chains which form the polymer layer on the liposome . 
An important feature of this embodiment of the invention is that 
polypeptides exhibit high affinity for the antigenic substrates 
attached to the liposome surface. These sites on the liposome 
surface which exhibit a high affinity for the polypeptide will 
likely facilitate polypeptide binding to the liposome surface. 

In another embodiment, illustrated in Figure ID, the 
polypeptide in the composition is an enzyme which is attached to 
the liposome outer surface by specific, high-affinity binding to 
an enzyme inhibitor carried on an outer liposome surface. The 
figure shows a liposome bilayer portion 48 with a layer 50 of 
PEG chains, as above. m this embodiment, the liposome, 
contains, on or close to its surface 52, numerous enzyme 
3 0 inhibitor molecules, such as enzyme inhibitor 54. 

A polypeptide, such as polypeptide 56, binds with high 
affinity to the enzyme inhibitor molecule, and once bound, the 
polypeptide will remain substantially bound to the liposome 
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surface, with a very slow dissociation rate if any. As in the 
composition described with respect to Fig. ic, the enzyme is 
surrounded by, but not covalently linked to, the PEG chains 
which form the polymer layer on the liposome surface. An 
important feature of this composition is that enzymes having a 
high affinity for the enzyme inhibitors may be attached to the 
liposome surface with a polymer layer by covalent or noncovalent 
inhibitor substrate binding. 

In a final embodiment, illustrated in Figure IE, the 
polypeptide in the composition is a biotinylated polypeptide 
attached to the liposome outer surface by specific, high- 
affinity binding to avidin carried on the liposome outer 
surface. The avidin is bound noncovalently* to the liposome 
outer surface by high-affinity interactions with biotin which 
has been used to derivatize lipid head groups on the liposome 
surface. 

The figure shows a liposome bilayer portion 58 with a layer 
60 of PEG chains, as above. The liposome outer surface contains 
a number of lipid polar head groups, such as lipid polar head 
group 62, which have been derivatized by biotin. To a biotin 
molecule, such as biotin molecule 64, is bound an avidin 
molecule, such as avidin molecule 66. Each avidin molecule 
contains four high-affinity biotin binding sites, such as biotin 
binding site 68. To one of these sites is attached the liposome 
bound biotin as previously indicated. To one or more of the 
free-remaining sites can be bound a biotinylated polypeptide, 
such as biotinylated polypeptide 70, which is derivatized by a 
biotin molecule, such as biotin molecule 72. 

As in all the above-described compositions, the polypeptide 
is surrounded by, but not covalently linked to, the PEG chains 
which form the polymer layer on the liposome. An important 
feature of this embodiment of the invention is high affinity of 
avidin for biotin which makes possible the attachment of 
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Polypeptides to a liposome surface with 

Although the composition 7f t Z ? ^ l3yer ' 

-ve with aspect to a iZl^Z^^I ^ 
a liposomal p ar t icle support "f,!^ X ' a " ^having 

variety of other parting ' recognized that a 

eheaucal groups through which ! ' SUr£ace 

"olecules can b . att J, e „ Tj^J*^ -Wl* 
sizes in a selected siz. , surfac *' »nd preferably have 
B*e»p lary particJe Mp ^ ts ran o 9 ; b «»— —t 50-300 ». 

Polylactic ecia particles ~ *"* '"'^ 

acids. ° leS ' ° r """capsules forced of poly anino 

opposition of the type described ."^"^ ° f a "P— 
rece,„i, e d by one s "J «! ^ SeCti °" 11 " " »« be 
adapted to preparing ,^^00^ 'Z °" ■ ethCdS M ^ *• 

support is other than li^slT* tlOM *" """" «» 



» r-—- • - i-n.ie COI1 

support is other than lipcsonal. 
A - Lipid r»- B . r ^ T1rntl 



vesicle-,or„ing M^SjT!- '"V™"**- ™' . ««* "eludes 
» structure in the liposome ° f tha -sicle 

Generally, these v.sicl. * ■ 
asphipathic lip ids „,„,„ ""'""""ins lipids i„ caude 
-ieties. and whfeh ^ — ^ 

vesicles in water ^""sneously int o bil ayer 

«• stabiy incorp::::^:;™;-^ or r;: 

■oiety in contact with ,L f, ^ itS "*>rop„obi= 

"layer serene, * Tt s p o^eaT*" te3iOT « «» 
-ward the exterior, polar ^^"3^ ^ 
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The vesicle-foraing lipid, of this type are preferably ones 

PoIarVT hydr ° 0arb0 " acyl chains, and a 

polar head group. Included in this class are the phospholipids 
such as Phosphatidylcholine ,PC, , PE, phosphatidylglycerol (PG, ' 
Phosphatide acid ,P A) , phosphatidylinositol ,„'. and 
go»yelm ,sm,, where the two hydrocarbon chains are typify 
between ahout 14- 22 carhon atoms in length, and have" rying 
degrees of unsaturation . The above-described Upland 
phospholipid, whose acyl chains have a variety o, degrees of 

r be obtainea - p«p-ed L:: ai :i 

to published methods, other lipids that can be included in the 
invents are glycolipids and sterols, such as cholestero" 

lioir e h S !. 00nd 9e " eral c °"*"»™ t i-=l»*« * v.sicle-f crying 
the n 1 T dSriVati - d » chain which will £or . 

Upid. wTfc ^ *" ^ The vesicle-formin" 

Ho il co T USed " "~ vesicle-fc^in, 
lrpad component are any of those described for th. »<,„ ? 

vesrcle-formin, lipid component. Vesicle forming'T^idT:^ 
fliacyl chams. such as phospholipids, are preferred o" 
exenplary phospholipid is Phosphatidylcholine 7^', which 
to 7b " . rCa0tiVe aBl "° gr ° UP "" Ch " "-anient for coupUng 
(uSPeT ^ P01, " erS - A " PE ai.te.ryl « 

The preferred hydrophilic polvner in the derivatized lioid 
is polyethyleneglycol fPEGi „„. UPld, 
. 9Iyc ° 1 (PEG) , preferably a PEG chain having a 
molecular weight between 1,000-10 ooo d.n™ 

* *. -lu,uuo aaltons, more preferablv 

r ay oo ° r ^r™- 1 r r ■~ m ° ~ 

ay ce suitable include polyvinvlDvrmi 
polyoxazoline, polymethacrv, *t- * ^ Polyvinylpyrrolidone, 
ncwi.^ • ^ poiymeUlacrvlat e, and polydimethylacrylamide 
polylactic acid, poly g iy co iic acid, and derivatized celluloses 
such as hydrox^ethylcellulose or hydroxyethylcellulL ' 
Additionally, bloc, copolymers or random copolymers of these 
Polymers, particularly including PEG segments, may be suitable 
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Methods for preparing lipids derivatized with hydrophilic 
polymers, such as PEG, are well knowm e.g., as described in co- 
owned U.S. Patent No. 5,013,556. 

The third general vesicle-forming lipid component is a lipid 
anchor which serves to attach the polypeptide in the composition 
to the liposome surface. The lipid anchor has a hydrophobic 
moiety which serves to anchor the lipid in the outer layer of 
the liposome bilayer surface, and a head group which may be (i) 
a polar head group which can be activated for covalent coupling 
to the polypeptide, (ii) a hydrophilic polymer spacer arm which 
carries an activatable chemical group at its free end, or (ill) 
a substrate by which the polypeptide can be attached to the 
lipid component via high-affinity binding, where the substrate 
may be attached directly to the lipid of through a spacer arm. 

Lipid polar head groups which can be activated for coupling 
of a polypeptide include amine, acid, and hydroxyl groups, one 

preferred lipid is phosphatidvlinositol fp-ri u... 

groups which can be oxidized to reactive aldehyde groups. 

Lipid anchors having a spacer arm with a reactive free end 
20 are preferably lipids which are derivatized with PEG, as above 

but where the PEG is substantially shorter than the PEG forming" 
the polymer layer. For example, in a liposome composition 
containing a layer formed by PEG polymers of 2,000-5,000 

25 tl^Ti, ^ SP9Cer " * enerall r ° f 100-1,500 daltons, 

25 preferably 600-1,000 daltons. 

Lipid anchors in which the head group is a substrate can be 
prepared by a variety of well-known methods for attaching a 
substrate, such as biotin, short peptides, or non-peptide enzyme 
substrates to the polar head groups of lipids. For example, the 
coupling methods discussed below with respect to coupling 
polypeptides to activated lipid groups, after liposome 
formation, are suitable for attaching peptide substrates to free 
lipids. other lipid anchors, such as biotinylated PE are 
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commercially available. Typically, the substrates are 
relatively small, e.g., less than about 5,000 daltons, to allow 
their incorporation into multilamellar liposomes with a minimum 
of disruption of the lipid bilayer structures. The substrate is 
preferably one capable of binding irreversibly to the 
polypeptide, to ensure that the polypeptide remains bound to the 
liposomes over its lifetime in the bloodstream. 

B. Liposom e Preparation 

The liposomes may be prepared by a variety of techniques, 
such as those detailed in Szoka et al, 1980. Multilamellar 
vesicles (MLVs) can be formed by simple lipid-fil m hydration 
techniques. l„ this procedure, a mixture of liposome-f orming 
lipids of the type detailed above dissolved in a suitable 
organic solvent is evaporated in a vessel to form a thin film 
which is then covered by an aqueous medium. The lipid fil* 
hydrates to form MLVs, typically with sizes between about n.n <■„ 
10 microns. 

The lipids components used in forming the liposomes are 
preferably present in a molar ratio of about 70-90 percent 
vesicle forming lipids, i- 25 percent polymer derivatized lipid 
and 0.1-5 percent lipid anchor. One exemplary formulation 
includes 50-70 mole percent underivatized PE, 20 -40 mole percent 
cholesterol, o.l-i no i e percent of a PE-PEG (150) spacer polymer 
with a chemically reactive group at its free end for polypeptide 
or substrate coupling, s-io mole percent pe derivatized by peg 
3500 polymer chains, and l mole percent a-tocopherol . 

The liposomes are preferably prepared to have substantially 
homogeneous sizes in a selected size range, typically between 
about 0.03 to 0.5 microns, one effective sizing method for REVs 
and MLVs involves extruding an aqueous suspension of the lipo- 
somes through a series of polycarbonate membranes having a 
selected uniform pore size in the range of 0.03 to 0.2 micron, 
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typxcally 0.05, 0.08, o.l, or 0.2 microns. The pore si Ze of 
the memhrane corresponds roughly to the largest siL o 1 

5 ! PreParati ° n is ^ruded two or B ore times through the 

s Lnrr 3116 - HOOOgeni2ation -e also useful f or down- 

sxzmg liposomes to sizes of loonm or less (Martin) . 

C " Polypeptide Pn.. r n a ^. 

! ^T! Polypeptide can to an antibody, or r 

antibody f r ag™„ t . Th . s . antibodies may be obtained fro. 
nonhuman sources, or mav ho ~k • ea from 

peptide regions Lrl^ tZ £Tn" P ° lyPePtid * S 

The antlh=rti=. _ 1Ved £r< ™' both h "» a " "° nonhuman sources. 

» ora~ e r s a:: U tr: :~ with a toxin - ■ 

(i. t^ris P eoi r tib ° di ; S in=1Ude " Uri " e " OTO "°" al to 
U) tumor-specifrc antigens used for th.^,™. „. .. .. 

in another general embodiment, the polypeptide is „ 

because of «T "rgrnase. These polypeptides, either 

« preparation h ?>. ° ri5in ' " """"^ ° f "«hod J 

Preparation, have the potential, when administered in free for! 
to induce an immune response in , hu .a„ subject ' 
alLrl" 1 " ! n ° ther 9Sneral """"i-nt, the polypeptide is an 

.0 mi«r of Hieroen UrCe ' """^ - • 

constituent, " ler9TOl <= Peptides, such as nondialysaMe 
constituents of an agueous extract o, ragweed pollen. 
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Polypeptide compositions of this invention can be attached 
to liposome surfaces by covalent attachment or by polypeptide 
binding to a substrate carried on the liposome surfaces. 

1. Covalent Attachment Methods 

in this approach, the lipid anchor components in the 
liposomes are reacted with the polypeptide under conditions 
favoring covalent attachment to the lipid anchor. m one 
general approach, the polar head group of the lipid anchor is 
activated by a suitable activating agent, and the activated 
lxposomes are then reacted with the polypeptide. it will be 
appreciated that both the activation and polypeptide-coupling 
reactxons are carried out in an aqueous environment compatible 
with Ixposome integrity. 

Fig. 2 illustrates the activation of DSPE (compound I) by 
malexmxdo propionate N-hydroxysuccinimide ester (compound II, 
^MPS, Pierce) , to form an activated maleimido-DSPE (compound 
. me malexmido group at the polar head group is reactive 
towards thiol-containing polypeptides, to attach the polypeptide 
to the liposome surface via a thioether linkage. 

Fig. 3 illustrates the activation of DSPE (compound I) by 
bromoacetyl N-hydroxysuccinimide ester (compound IV) to form the 
bromo acetamide of dspe (compound V). The bromoacetamide group 
at the polar head group is also reactive towards thiol- 
contammg polypeptides, to attach the polypeptide to the 
liposome surface via a thioether linkage. 

Fig. 4 shows the synthesis of a DSPE derivatized with a PEG 
cham and having an activated chemical group at the chain's free 
end. Initially, peg bis (amine) (compound VI, , protected at one 
end by 2 -nitrobenzene sulfonyl chloride (compound VII) is 
reacted with carbonyl diimidazole in triethylamine (TEA) to 'form 
the imidazole carbamate of the mono 2-nitrobenzenesulfonamide 
(compound VIII) . The compound is reacted with DSPE in TEA to 
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form the derivatized PE lipid protected at one end with 2- 
mtrobenzyl sulfonyl chloride. The protective group is removed 
by treatment with acid to give the DSPE-PEG (compound IX) having 
a terminal amine on the PEG chain. Reaction with maleic acid 
anhydride gives the corresponding maleamic (compound X) , which 
on reaction with acetic anhydride gives the PE-PEG-maleimide 
(compound XI) . Details of the reactions are given in Example 1 

The compound is reactive with sulhydryl groups, for coupling 
polypeptides through a thioether linkage to generate compound 
XXI, as illustrated in Fig. 7. 

Another reaction method for coupling a protected poly- 
alkylether to a lipid ajnine is >shown ±n p . g 5 ^ ^ 

reaction scheme, peg (compound XII) is initially protected at 

15 17 1* T termlnal ° H ^ 3 tri * eth ^ilane group, as shown 

at the top in Fig. 5 . The protected PEG (compound XIII) is 
reacted with the anhydride of trif luoromethyl sulfonate to 
activate the free PEG end with trifi^r^^,,! 
(compound XIV) . Reaction of the activated compound with a lipid 
amine, such as PE, in the presence of triethylamine , gives the 
desired derivatized PE product. 

The trimethylsilyi protective group can be released by acid 
treatment, yielding the desired PE-PEG (compound XV) with a free 
terminal OH. Reaction of compound XV with acetic anhydride in 
DMSO converts the terminal OH to an aldehyde group (compound 
XVI) which can be coupled to a peptide via reductive amination, 
as illustrated in Fig. 8> to generate compound Reaction 
details are given in Example 2. 

The aldehyde-based coupling reaction just described may also 
be employed in a liposome composition containing PI, PG , or 
other lipid anchor component with an oxidizable head group, in 
this approach, the preformed liposomes are oxidized, e.g. by 
reaction with periodate. The aldehyde groups formed by the 
oxidation may then be used for protein coupling, as illustrated 
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in Fig. 8. 

The procedure illustrated in Figure 6 describes the 
preparation of DSPE-PEG-hydrazide. First PEG is reacted with 
ethyl isocyanatoacetate in the presence of triethylamine to 
generate mono and dicarboxylated species of PEG. The 
monocarboxylated species is purified by ion-exchange 
chromatography on DEAE-Sephadex (compound XVII) . Compound XVII 
xs reacted with tert-butyl carbazate to generate the hydroxy 
Boc-hydrazide derivative of PEG (compound XVIII) . The free 
hydroxyl group is activated by reaction with disuccinimidyl 
carbonate to activate the terminal hydroxyl group (compound XIX) 
prior to reaction with DSPE to generate product (compound XX) . 
Hydrazide groups, obtained by deprotection of compound XX (Hoc 
group removal, are reactive towards aldehydes, which can be 

HvdrLT ° n nUmer ° US bi0l °* icall r »l«v«* compounds. 
Hydrazides can also be acylated by active esters or 

carbodiimide-activated carboxyl groups. Acvl aziHo 

reactive as acylating species can be easily obtained"^ 

20 uZZ allOWi " 9 ° f containing 

Similar reaction methods can be used for coupling 
polypeptides to the free ends of PEG spacer arms carried on thl 
liposome surfaces. Experiments carried out in support of the 
invention indicate that more efficient coupling of polypeptides 
to the liposomes may occur as the length of the spacer ar* is 
increased. 

2. Noncovalent Attachment Methods 

one exemplary method for attaching polypeptides 
noncovalently to liposomes is illustrated in Figs. 9A-9C. Fig 
9A shows the preparation of a biotinylated DSPE lipid anchor 
(compound XXV, which is incorporated into liposomes as described 
above. Fig. 9B shows a similar reaction for biotinylating a 
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polypeptide, in this case, an IgG to generate compound XXVI. 
Coupling is achieved by first binding avidin to the liposomes, 
then incubating the avidin-coated liposomes with the 
polypeptide. Experiments conducted in support of the present 
invention indicate that polypeptides are efficiently attached to 
PEG-coated liposomes by this method. Details are given in 
Example 4. 

Similarly, where the lipid anchor in the liposomes is a 
substrate, the liposomes are incubated with the polypeptide 
under conditions effective to allow polypeptide binding to the 
substrate. 



15 



IV ' Blo °4streRm and Tissue detention of T , lpM01Bt » B rv^^., 
End-func-fci onalizeri PEG-nsPR 

In vivo studies were undertaken to determine the bloodstream 
and tissue retention of liposomes containing end-functionalized 
PEG-DSPE. End-functionalized PEG-DSPE contains a 
active group which can be used for attaching a variety"^ 
compounds to liposomes. From these studies it has been 
20 determined that end-functionalization does not affect the 
extended lifetime in the bloodstream of liposomes containing 
PEG-DSPE, monomethoxy PEG-DSPE , or other similarly modified 
vesicle-forming lipids. 

in experiments performed in support of the present 
25 invention, liposomes containing PEG-DSPE end-functionalized by 
hydrazide were prepared. The hydrazide group at the end of a 
PEG chain can be used for the introduction of other functional 
groups, or can be used in numerous types of conjugation schemes 
(inman) . Particularly useful is hydrazide's reactivity toward 
various glycoproteins, such as immunoglobulins (Wilchek) , for 
attaching these molecules to liposomes. 

Gallium 67-labelled, hydrazide end-functionalized PEG 
liposomes were injected in rats by tail vein injection at about 
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obt.i B1 "° m ° lar f*»P"=lipid/Jc 9 body weight. Blooa sa.pis were 
obtaxnea by rstroobitai bleeaing at definaa tinas. The parent 

ILITZ labSllea liP ° SOMS ""^ - t*. bicoastr™ 
aete^naa at 0, 15 ninut a S , x, s , and 2< hours ™ 

5 presentea in Tabla i. Th e percent injectea gailiu, ^ 
l^poao-a aos. remaining „ the blood differe ^^ 
,a xUastrstea in a haif iog plot versus tijne .„ j^*— 
Aftar 24 hours tha animals war. sacrificed ana tissas* 

io ztLr ta i s^^r- - ~ - - 

1# tissues at 24 hours is presented in Table 

The blood and tissue retention of Ga-labelled, hydrazide 
end-functionalized liposomes having two different li^ 
compositions were also spared in Table l a fluid ii 
15 composition was * liposome 

Phosp«.tiancioti„r'^c, : t parti " iy 

emta , * (HPEPC). A typical liposome composition 
contains the hydrazide PEG-DSPE li Did . n ^ iall „ ° Sltl ° n 
egq PC rpffPPr. . „ ' *" ~J "/^uyenatea 

rllTt'o ia^TT 11 " ' moie 

a aoas appaar to affect the a 7 liposome composition 

functional!,*, liposome Z °* «» — 
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; % Injected 67 

' ' "■, 


GA Dose Detected at Specified 
'..Timepoints : . : 


Blood 


Peg-H2 Rigid 


PEG-Hz Fluid 


0 


101.1 ± 12.0 


100.2 ± 5.4 


15 min. 


89.6 t 11.2 


81.6 ± 2.5 


1 hr. 

" ' 


84 ± H.i 


81.7 ± 7.4 




3 hr. 


76 ± 10.5 


75.3 ± 5.1 


1 


5 hr. 


71-7 ± 10.7 


66.3 ± 3.8 


24 hr. 


33.4 ± 6.8 


34.3 t 0.68 


Tissues at 24 hr. 


Peg-HZ Rigid 


Peg-Hz Fluid 


liver 


12.1 ± 1.2 


8.8 ± 0.81 




spleen 


5.1 ± 0.47 


4.7 ± 0.64 




kidneys 


1.4 ± 0.22 


1.7 ± 0.25 




heart 


0-36 ± 0.037 


0.77 ± 0.21 




lungs 


.62 ± 0.23 


0,58 i 0.03 




skin 


.086 ± 0.03 


0.16 ± 0.08 




muscle 


•08 ± 0.03 


0.29 ± 0.02 




bone 


.28 ± 0.09 


0.04 ± 0.01 



V ' Me thod of Tr^i- fflQW f 

» *rJLr tr 10 " r r - *~ 

• SUt>I,ect b y Parenteral administration of an 
sublet by parental ministration of a poller- 
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polypeptide composition of the type described above, i.e., a 
composition containing the polypeptide and polyethylene glycol 
(PEG) chains which surround, but are not covelently attached to, 
said polypeptide. 

Typically, the polymer-polypeptide composition is 
administered intravenously several days before treatment with 
the peptide in free form. This pretreatment is designed to 
desensitize the subject to the peptide, i.e., suppress the 
subject's immune response to the free peptide. 

The composition is preferably injected in an amount 
corresponding to between about 0.1 to 2 mg polypeptide/kg body 
weight. The composition may be administered at periodic 
intervals during the pretreatment period. After the 
pretreatment period, the peptide in free form can be 
administered for periods of up to 20 and 40 days, with reduced 
immune response to the free polypeptide. 

In order to maintain the subject in a immune-tolerant 
condition, the polymer-polypeptide composition can be 
administered at intervals throughout the treatment. 

The following examples describe the preparation of exemplary 
polymer-polypeptide compositions. The examples are intended to 
illustrate, but in no way limit, the invention as claimed. 

25 Example l 

Preparation of DSPE-PEC-Maleimide 
A. Preparation of the Mono 2-nitrobenzenesulfonamide of PEG 
bis (amine) (compound VII) . 

A mixture of 1.7 g (0.5 mmole) of commercially available 
polyethylene glycol bis (amine) and 104 mg (0.55 mmole) of 2- 
nitrobenzene sulfonyl chloride were added to a round bottomed 
flask. The minimum amount of dioxane to effect solution (about 
15 ml) and 280 microliters of triethylamine ( 2 mmole) were 
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added. The reaction flask was stoppered and let to stand at room 
temperature for 4 days. 

Thin layer chromatography (TLC) on Si02 coated plates using 
a solvent mixture of the following composition CHC13 / CH30H/ 
5 H2D/ NH40H; 130/ 70/ 8/ 0.5; v/v/v/v showed fluorescence 
quenching spots at Rf= 0 .87 to 0.95 and Rf=0. 68-0.75. The 2- 
mtro benzene sulfonyl chloride was a more compact spot at 
Rf-0.85. The UV absorbing material at Rf= 0.87-O.95 probably 
represented the bis-2-nitro-benzenesulf enamide. The material at 
10 Rf=o.68-0.75 probably represented the desired mono-2- 
nitrobenzenesulfonaimde of the starting diamine. 

The solvent was evaporated under vacuum to obtain 2.135 g of 
a yellow syrup, it was dissolved in 5 ml chloroform and placed 
at the top of a 21 mm x 270 mm column of Si02 wetted with 
chloroform. The product was purified by passing through the 
column, in sequence: 

100 ml 100% chloroform o% (i% cone. NH.OH in MeOHl 
iJUO ml 90% •< 1Q% „ 

100 ml 80% « 20% „ 

20 100 ml 70% " 



15 



30% 



Fifty ml aliquots were collected separately and assayed by 
TLC as described above. Most of the yellow, ninhydrin positive- 
reacting material was eluted in the 20% (1% cone. NH,0H in MeOH) 
fraction. The fractions were dried and resulted in 397 mg of a 
bright yellow solid. The yield of the pure sample was about 20% 
B. Preparation of the Imidazole Carbamate of the Mono 2- 
nitrobenzenesulfonamide of peg bis (amine) (compound VTII) . 

550 mg (0.15 mmole) of the 2-nitrobenzenesulf onamide of PEG 
bis (amine) were dissolved in anhydrous benzene. To this was 
30 added 49 mg of carbonyl diimidazole (0.3 

mmole) and 28 microliters (0.20 mmole) of triethylamine. The 
air m the reaction vessel was displaced with nitrogen the 
flask stoppered and heated in an 80 degree oil bath 
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for 4 hours. TLC on silicate-coated plates using the same 
solvent system as described above, showed that all the starting 
sulfonamide (Rf-0.72) had been consumed, and had been replaced 
by an iodine absorbing material at Rf=0.92. 
5 The solvent was removed under vacuum. The residue was dissolved 
in about 2.5 ml chloroform and transferred to the top of a 21 
X280 mm cloumn of silicate which was wetted with chloroform. 
The following solvents were passed through the column, in 
sequence: 

10 100 ml 100% chloroform 0% (l% cone. NH 4 0H in CH 3 0H) 

100 ml 90% « 10% „ 3 1 

200 ml 80% « 20% „ 

50 ml fractions were collected and assayed by TLC, the desired 
product was found predominantly in the 20% (i% cone. nh 4 0H in 
15 CH30H fraction), when the faction was evaporated to dryness, 
the sample afforded 475 mg of a lemon-yellow solid. This was 
dissolved in 4.75 ml benzene. 

C Preparation of the DSPE carbamide of the 2 -nitrobenzene 
sulfonamide of PEG bis (amine). 
20 to the 450 mg (0.125 mmole) of 2-nitrobenzenesulfonamide 

of the imidazole carbamide of the PEG bis (amine) dissolved in 
4.5 ml benzene was added 93 mg DSPE (0.125 mmole) and 70 
microliters (0.50 mmole) of triethylamine. The air was 
displaced with nitrogen, the flask stoppered and heated in an 
25 oil bath at 80 degrees for 6 hours. The flask was cooled to 
room temperature. DSPE migrates in the above described TLC 
system with an Rf of 0.54. TLC indicated that all the DSPE 
had been consumed. The solvent was evaporated under vacuum. 
The residue was dissolved in 2.5 ml chloroform and placed at 
the top of a 21 x 260 mm column of silicate wetted with 
chloroform. The sample was purified by passing through the 
column in sequence: 

100 ml 100% chloroform o% (l% cone. NH 4 OH in MeOH) 
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200 ml 90% « 10% 

100 ml 80% » 20% 



100 ml 70% « 3Q% 



ii 



n J hS d6Sired product el ^ed at 20% (1% cone. NH 4 OH in 

^Ud'wlth eVa r at6d ^ aff ° rded 358 mg ° f a **** ^llcw 
solxd with an Rf= o.95. Fractions containing imidazole were 

not used and the final yield of the product (0.0S37 Moles, 

D. Preparation of the DSPE Carbamide of PEG bis (amine) 
(compound IX) . ' 

About 358 mg of nitrobenzenesulf enamide of the DSPE 

im 6 ° f 1 POlyethyleneglyC01 bis C-1-) were dissolved in 
10 ml ethanol. To the solution weere added 2.4 ml water and 
1.2 ml acetxc acid. The mixture was allowed to stand at room 
temperature for 18 hours. TLC analysis showed only partial 
deprotection. Another 2.3 ml v a *~ — /_ Partial 

acid were added and the reaction was ^trtlnLg'ovLl^t" 
on sxixcate coated plates, using a similar solvent! system as' 
matlLT 3bOVe ^ ^ d6VelOPer ' e guenching 

HZ ZZ r T tlVe ' Ph ° SPhate COntaini ^ -serial migrated 
witn an Rf value o-F n cm mw » 

wenching. ThlS "** Sh °" ed ~ "presence 

The solvent „, s removed unaer „ 
redxssolveea in „ Bl chlorofora and ^ ™ 
sod,™ The nixtur . „ a5 centrifugea to ^ 

SET"? !f ^ SOai ' i, " Carb0n " e Ph "« — "-traced 2 X 
with l5 m chloroform. The combined chloroform ejects were 
evaporated under reduced pressure to obtain 3= 6 „ of « 

Oho T: C " ed ^ ~ '"^ ' —i"". 

Phosphate containing lipid of Rf=o.72. 

The wax was dissolved in 2.5 ml chloroform and placed on a 
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silicate column which had been wetted with chloroform. The 
following solvents were passed through the column in sequence: 
100 m of !00* chloroform 0% (1% CONC. NH 4 OH in methanol) 
ioo ml 90% 10% ' 

100 ml 80% 20% 
ioo ml 70% 30% 
100 ml 50% 50% 
100 ml 0% 10Q% 

The samples were assayed by TLC. The desired product was 
found in the fractions with 30% and 50% (i% cone. m t OH in 
methanol) . These samples were combined and evaporated to 
dryness under vacuum to afford 91 mg (22 micromoles) of a 
viscous syrup, which corresponded to about 100% conversion 
E. Preparation of the Maleic Acid Derivative of the DSPE ' 
Carbamide of PEG bis (amine) (compound X). 

To 18 micromoles of the DSPE carbamide of PEG bis (amine) 
described above, dissolved in 1.8 ml chloroform, was aodT 5 
mg (36 micromoles) maleic anhydride and 5 microliters (36 

20 sta C nd° m ° t leS) tr ? W ~ i **' The Coppered flasK was allowed to 
20 stand at room temperature for 24 hours. The solvent was 
evaporated. TLC on silicate plates indicated that all the 
starting material, had been replaced by a ninhydrin negative, 
phosphate containing material of Rf= 0.79-1 oo 
F. Preparation of the Maleimide of the DSPE carbamide of peg 
ois (amine) (compound XI) . 

The syrup was dissolved in 2 mis acetic anhydride 
saturated with anhydrous sodium acetate. The solution was 
heated in a 50 degree oil bath for two hours. io ml ethanol 
were added and evaporated under vacuum. This step was 
repeated twice to remove excess acetic anhydride and acetic 
acid too* up the residue in l ml chloroform, and passed the 
sample through a column with the following solvents in 
sequence: 
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100 ml 100% chloroform 0% (1% cone. NH 4 OH in MeOH) 
200 ml 90% 10% „ 

100 ml 80% « 20% 

100 ml 70% « 30% 

50 ml samples were collected, and the main product was 
found in the fractions eluted with 10% of l% cone. NH,OH in 
MeOH. The fractions were combined and then evaporated to 
dryness under vacuum which afforded 52 mg of a pale, yellow 
viscous oil, which by TLC migrated with an Rf of 0.98 and 
contained phosphate. 12.3 mmoles product were obtained which 
corresponded to a yield of about 34%. 



Example ? 

P ~P»ration of the A^hyn. of th e ^ 0 ^_ T ^, ^ r „ rr 
A. Preparation of I-trimethylsilyloxy-PEG (compound XII) 

15.0 gm (10 mmoles) of PEG) M.Wt. 1500, (Aldrich Chemical) 
was dissolved in 80 ml benzene. 1. 40 ml Mi jnwo^x 
chlorotrimethyl silane (Aldrich Chemical Co.) and 1.53 nl (1 
mmoles) of triethylamine was added. The mixture was stirred 
20 at room temperature under an inert atmosphere for 5 hours 

The mixture was filtered by suction to separate crystals 
of triethylammonium chloride and the crystals were washed with 
5 ml benzene. Filtrate and benzene wash liquids were 
combined. This solution was evaporated to dryness under 
25 vacuum to provide 15.83 grams of colorless oil which 
solidified on standing. 

TLC of the product on Si-C 18 reversed-phase plates using a 
mixture of 4 volumes of ethanol with l volume of water as 
developer, and iodine vapor visualization, revealed that all 
the polyglycol 1500 (R~0.93) has been consumed, and was 
replaced by a material of j^o.82. An infra-red spectrum 
revealed absorption peaks characteristic only of polyglycols. 
Yield of I-trimethylsilyoxyPEG, M.W. isoo was nearly 
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15.74 grams (io mmol) of 

5 si ^°*y » obtained abov wa TalZT^T ^^l- 
be„ 2 ene and cooled in a bath * dlSSOlVed ln 40 * anhydrous 
-I) triethyWne and ^ m \ ™ ^ 1 "» * CU 
sulfonic anhydride obtained / lnIn0:L, ° f triflu -o m ethane- 

— and the fixture ^"L^/ 1 ^ ChS ° iCal C °' We " 

> at mo sphere until the react,! ^ Under an 

color. reaction mature changed to a brown 

the res\duar s n y^ y S TslZTT^ P ™ and 

ethylene chloride! It^T" <° ^ 

fluoro ffie thane sulfonic esters * reaCtivit * <* tri- 

trifiuoromethane sulfonyl esL^ Tf^ PUrificati °" «* the 
done. yi 6Ster of I -trimethyl s ii yloxy PEG was 

trinuorcethano soUonyTesf T S ° 1Uti0 " « *"» 

•vaporated to dryness under ^^^isllyloxy peg was 

- <~: t sT o rzr * ° btaiB ab ° ut « — . 

1 of a chloroform solution' T T ° »•« 

» »as added. To the resu " " 9 " <°- 5 —) «■ 

—> « triethyw n e Xaou r?° n ' "° d o 

evaporated under vacul I T T ^ "*"- t 
diethyl for»a„ide and 70 ?• ° " Sid " e ' 5 - 1 <*v 

ethylene mj was (0.50 -.oles, tri- 

displeced with nitrogen T ™ aCti ° n Vessel »« 

« sand hath a u„. c 1 »» «««« « heated in 

under vaouun to ootain i s. S ° 1Vent «" vaporated 

* « X 260 » chr " ;f 3r ™ S ° f <=°l°red oil. 

with Kieselgel 60 TllZ 7 o T abS ° r <' tiOT «*- «U.d 

siUca 70- 2 30 nesh. was prepared ,„„ rinsed 
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with a solvent composed of 40 volumes of butanone, 25 volumes 
acetic acid and 5 volumes of water. The crude product was 
dissolved in 3 ml of the same solvent and transferred to the 
top of the chromatography column. The chromatogram was 
developed with the same solvent and sequential 30 ml portions 
of effluent were assayed each by TLC. 

The TLC assay system used silica gel coated glass plates, 
with solvent combination butanone/acetic acid/water; 40/25/5- 
v/v/v. iodine vapor absorption served for visualization, in 
this solvent system, the N-l-trimethylsilyloxy PEG 1500 PE 
appeared at R^o.78. Unchanged PE appeared at P^o.68 

The desired N-l-trimethylsilyloxy PEG 1500 PE was a chief 
constituent of the 170-300 ml portions of cblumn effluent. 
When evaporated to dryness under vacuum these portions 
afforded 111 rag of pale yellow oil of product. 

D. Preparation of N-polyethylene glycyl 1500: PE 
(compound XV) . 

On «-<*romatographed, PE compound was dissolved in 2 ml of 

IZIT IT""' T ° thiS ' 6 ^ aCid ^ 2 * -*« -s 

added. The resulting solution was let to stand for 3 days at 

23 C. The solvent from the reaction mixture was evaporated 

under vacuum and dried to constant weight to obtain 75 mg of 

Pale yellow wax. TLC on Si-C18 reversed-phase plates, 

developed with a mixture of 4 volumes ethanol, l volume water 

fTTT SODe free PE S ° me ^lycol-lifce materL"' 

formed during the hydrolysis. 

The residue was dissolved in 0.5 ml tetrahydrofuran and 
diluted with 3 ml of a solution of ethanol water; so:20; v v 

LI J 38 aPPUed t0 ^ tOP ° f 3 10 - X 250 - Chroma- 
tographic absorption column packed with octadecyl bonded phase 

silica gel and column was developed with ethanol water 80:20% 

by volume, collecting sequential 20 ml portions of effluent. 

The effluent was assayed by reversed phase TLC. Fractions 
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containing only product of Rf = 0 os to n ,c 

This was typically the 20 ,oo , Combine «- 

evaporated^, dryness unde" P ° rti ° n 

33 » g o f coi or ^ p E tp E T uum ' these portions aff ~ d ** 

•»* v ^ PEG-PE corresponding to a yield of 

- . o/r»u P :::„r uct preparM - — 

under reduce, pressure" ™' " 

,wo Tj°:iT^t:T in 10 u chioro£ °™- *~ 

separate =„ lo r=r r! ^ a \™ l"""' « *. 
evepore.ee under vacuu. "t^^"-.^^ »~ * 

I Z TIT " 5 ^ B " te — « trensxerr J to L t» « 

~ . c " :: eZ:: : Uica gei °° ist ^ — 

s aeve l°Ped by passing loo ml of solvit- 
the column. The f«n„..- solvent through 

u*n. The follows solvents were used in sequence: 
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Volume % 



Chlorofn™ e „°i Um ? % Methanol Containing 



100% 
95% 
90% 
85% 
80% 
70% 



0% 
5% 
10% 
15% 
20% 



10 60 % 30* 



50% 
0% 



40% 
50% 
100% 



Separated 50 ml fractions of column effluent are saved 
The fractions of the column are separated by TLC on sLcis 
reversed-phase plates. TLC plates are developed 
volumes of ethanol mixed with l volume of water. vLaliza- 
txon is done by exposure to iodine vapor. v "^lxza- 

lipid ofTr 0 r fraCti ° nS C ° ntaini "5 an iodine-absorbing 
under °' 2 ° evaporated to dryness 

under vacuum and dried in high vacuum to cone w J? ™" 

wa : h 94 mg of waxy SO iid ^l^. ; n 

222 6. The conversion 4-1 , . ° £ n.w. 

can be .onitoreHy » ' "°° h ° 1 <° ° ldeh ^ 

Example ^ 
Preparation of P^rr -PEr,-H V H^., M „ 

A. Preparation of co-Hydroxy Acid Derivative of PEG a 
(Hydroxyethyl) (carboxymethylaminocarbonyl) oxy 
poly(oxyethylene) (Compound XVII) . 

Polyethylene gl yco i (Fluk PEG _ 2000 
OH) is dissolved in toluene r 20 o ^ , T gU1V 
(Zalipsky 1987) and I ! ' a2e °^opically dried 

2 , !i « ' ated With 6thyl i^ocyanotoacetate 

(2.3 ml, 21 mmol) and +yi i e 

aunox, and triethylamxne (1.5 ml, 10 mmol) Aftm- 

r ction at 25 - c th ° «° iuti °» *• - *> 

dryness. The «, lSu . is diasolved ± „ Q _ 2 „ ^ ( ^ 
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any trace of toluene is evaporated. The solution is 
maintained at pH 12 with periodical dropwise additions of 4 M 
NaOH. 



When the solution pH is stabilized at P H 12, the 
5 solution is acidified to pH 3.0 and the product is extracted 
with methylene chloride (loo ml x 2 ) . TLC on silica gel G 
(isopropyl alcohol/H 2 0/conc. ammonia 10:2:1) gives a typical 
chromatogram of partially carboxylated PEG (Zalipsky, i 990 ) 
consisting of unreacted PEG (R, = 0.67), monocarboxylated 

10 derivative (R, = 0 .55) and dicarboxylated derivative of the 
polymer (R, = 0.47). This solution is dried over (Mgso 4 ) 
filtered and evaporated to dryness. The PEG mixture is 
dissolved in water (50 ml) . One-third of this solution (30 ml 

15 mJI V f der±Vati2ed PEG > is ^ded onto DEAE-Sephadex A-25 
(115 ml of gel in borate form) . After the underivatized PEG 
is washed off the column with water (confirmed by negative 
polymethacrylic acid (PMA) test.. ( 2a i ips w 199c) 
ammonium bicarbonate (2-20 mM at increments of 1-2 mM every 

20 Tl Ul) I" aPPli6d ' ^ 50 ml fraCti ° nS -H-ted. Fractions 
1-25 contain only PEG monoacid as determined by PMA and TLC 
tests. These fractions are pooled together, concentrated to * 
70 ml acidified to p H 2 and extracted with methylene chloride 
(50 Hx2), The CH 2 C1 2 solution is dried (MgSOJ 
concentrated and poured into cold stirring ether. The 

25 precipitated product is dried in vacuo. Yield: 7 g 

Titration of carboxyl groups gives 4.6-10- meguiv/g (97% of 

theoretical value) . 

B. Preparation of Compound XVIII. 

and , Tt r hydrOXy d6riVative «* PEG (5 g, 2.38 mmol) 

and tert-butyl carbazate (0.91 g, 6 .9 mmol) are dissolved in 
CH 2 Cl 2 -ethyl acetate (i:i, 7 ml) . The solution is cooled on 
ice and treated with DCC (0.6 g, 2.9 mmol) predissolved in the 
same solvent mixture. After 3 0 minutes the ice bath is 
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addrtionel 3 hours. The reaction Mixture is filtered froa 
dicyclohexylurea end evaporated. The product is recover!! „ 
purged hy two precipitations fron et„yl acetate"™. 
and drxed in vacuo over P A . y ield: 5 . 2 g> * <^> 

product cave one spot <*, . 0 . 6 s> instead of the startin, 
nater al - ..„,. „„ { 

(s. PEG, 178B) ; 3.93 ,hr. d, J . 4.5, CH, of Glv 

«" ,« ^T; Gly ' 28) -■ <~.»' « » - "bu,, 

' 61-6 (CHl ° H); "- 3 (SWi 69.3 

hZrLT^" 6 - 4 ( ~ ° f Giy — •• «~ 

C Preparation of Compound XIX 

— rdL°oived oo - hyarazIde aerivative ° £ pk < 5 ». 

5.5 nnol, at 25-c overniahT '""^^ <=erbonate (1.4 g, 

dually added Z^T^. ^ 

iaxxea with equal volume of ethvl o • m . 

Precipitate is collected by filtration and ^efin vaL 
P:0 3 . Yield: 4.8 g, 90% , ° Ver 

CBn , Br , + „ ! *' Succ mimidyl carbonate groups 

content 4.15 • lO" 4 meguiv/o rqa* ^. 
determined by titrati™ L , theoretical value) was 

1 4t f T » tltrati ° n C^lipsky, 1991) . H-NMR (CDCIO . d 
1.46 (s, t-Bu, 9H); 2 . 83 (s , succinimide) . < £ " 

««)-, 3.79 (t, C H2 CH 2 OC0 2 -Su,; 3.93 (br. d a J / 5 ' ^ 
61y, 2H); 4.24 (t, CH,-OCO-Glv 2m- A ^ 2 
D. Preparation of Compound xx t ' ' ^° C0 ^ 

Hydrazide a slight excess of I u "T" ^ DSPE " PEG - 
4. ^ excess of succinxraidyl carbonate Boc- 

protected PEG-glycine hydrazide, prepared above, is ^cted 

triethT SUSP6nded ^ Chl ° r0f0ra in the ~e of 
tr.ethylamxne. The lipid derivative ^ ^ 
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solubilized in the process of this reaction. The excess of 
heterobifunctional PEG is removed by dialysis using 3 00,000 
MWCO cellulose ester dialysis membrane fro* Spectrum. The 
recovered lipid conjugate was subjected to conventional Boc- 
deprotection conditions (4M HC1 in dioxane) and then further 
purified by recrystallization. 



Example a 

preparation of I.iposo^ wlth W n n ^»» nlent1v Rnim> , T 
10 A. Preparation of Biotin-PE (compound XIX) . . 

Phosphatidylethanolamine (PE) is biotinylated by 
incubating PE (5 mmole) in dimethylsulfoxide (DMSO) with N- 
hydroxysuccinimide biotin (5 mmole) at room temperature for 
four hours. Biotin-PE is utilized in forming liposomes by the 
15 reverse phase evaporation method. 

Liposomes containing i no ie percent biotin-PE are 
incubated in the presence of avidin. Lipo MBC - bounfl avidin is 
separated from free avidin. on a Sepharose CL-B column (25 x i 
cm) m TES-buffered saline (p H 7.4). 
B. Preparation of Biotinylated IgGs (compound XX) . 
«h« «n Antib ° dy ' 5 ™* **> ^ 1 1 sodium borate buffer (o.l M| 

iTo^L'nl "T,^ ^ ° icrelite " N-hydroxysuccinimid 
biotin (10 mg/ml in diethyl sulfoxide, at room temperature 

for four hours. Biotinylated antibodies are purified by 
passage through a Sephadex G-25 column (25 x l cm, in TES 
buffered saline. 

C Preparation of Liposome-bound IgGs. 

antih H^^f ' C ° ated liP ° SOmeS are incubated with biotinylated 
antibodies for 30 minutes. Liposome bound antibody is 
separated from free antibody on a Sepharose CL-4B column (40 x 
1 cm) in TES-buffered saline. 
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.Example g 

- LlP ° SOme R1 ™^ *ti me M^^-^. - f nrr1l , Ld£jgm| 
rfunetionwligArt err, t , r r-nmr- 
A. Preparation of Hydrazide End-functionalized Liposon.es 

with a ZZll 1 ? PEG " DSPE C ° mPOSed ° f PEG ' ^-ctionalized 

T 9r ° UP ' ^ dis ^ryl^ E was prepared as 

descrxbed. The hydrazide PEG-DSPE lipid „ as combined wxth 
partxally hydrogenated egg PC (phepc, and cholesterol Z , 

10 lipL lT !liPida0lerati0 ^ ab ° Ut 0. 15:1 . 85:1 and \ he 
^ ~ hyd " ted - —ally, lipid hydration 

lllZl to 0 T Presence ° f desferal aesylate ' foll °«* »y 

sxzxng to o.l mxcron, and removal of non-entrapped desferal by 
gel filtratxon with subsequent loading of Ga-oSde intone 
lxposo.es. ^ ^encapsulated Ca was removed durin s e 
* through a.SephadexG-50 gel exclusion column. Both 9 
= txons contained io micromoles/ml in 0.15 „ 5 m 

- w,: T-r — in a — — 

Measuring Blood Circulation Time and Tissue Levels 

labor,/" VlV ° StUdi6S ° f liposones performed in " 

laboratory rats at 2 oo-300 g each. These studies involved 
taxi vexn xnjection of li posoine samples at afaout ^ 
mxcromoiar phospholipid/^ body weight. Blood sample were 
obtaxned by retroobital bleeding at defined times. Thl 
anxmals were sacrificed after 24 hours and tissues removed for 

iT s :\Ti:T: tion - The weight and p — - 

^^Z^T^^' ^ ~ « carried 
aesrerai loaded Ixposomes and radioactivitv « ae 

:::r rea usin9 a —*«• «. f—. * : e «r 

»our S , an* „ selectaa tissMs at 2< ast J ined » 

1. Plasma Kinetics of Hyarazide-PEG Liposoa.es. 
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The liposome composition (0.4 ml) was injected IV in 
animals. At times 0, 0.25, 1, 3, or 5 and 24 hours after 
miction, blood samples were removed and assayed for the 
amount of Ga-desferal remaining in the blood, expressed as a 
percentage of the amount measured immediately after injection 
Hydrazide-PKG l iposoae have . blood halflif / of J^* 1 "" 

ZtilT ;r ly 3o% of the injected materiai - * ^ 

the blood after 24 hours. 

2. 24 Hour Tissue Levels. 

10 lab.li f^ 68 t0 detSrmine the distribution, of gallium 
labelled liposomes in selected tissues, 24 hours after 
intravenous liposome injection, were carried out. The 
liposome composition (0.4 ml) was injected iv in animals. The 

IS ™traT re03ining ^ tiSSU6S 24 ^ — i-ravenous 
is administration are shown in Table l. 

While the invention has been descT-iho* 

to spe= iti c Bethoas an<i e ^ aiMnts , it V^T^ZZZ 

20 ZtZr°T "° di£iC " i °" S « — -y be ^ without 
20 departing from the invention. 
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IT IS CLAIMED: 



1. in a method of treating a subject by 
parenteral administration of an immunogenic 
polypeptide, the improvement comprising 

pretreating the subject by parenteral 

administration of a polymer-polypeptide composition 
ont n g the polypeptide ^ „ ^ 

attirr SUrr ° Und ' ^ ^ n0t -velently 

attached to, said polypeptide. 

2. The method of claim i, wher ein the 
polypeptide is partially surrounded by relatively 

pa°r n t g ie P le G T ' -*» * 

S oart-7 ' ^ P01 ^^ is attached to 

the particle surface. 

3. The method of claim 2. whero^ - 

surface is the outer surface of a 

4 The method of claim 3, wherein the peg 
chains have sizes between about i f 000-10,000 daltons. 



5. The method of claim 4, wherein the 
isogenic polypeptide is a xenogeneic antibody or 
antibody F rt fragment. Y 

or an^K ^ °' ^ 5 ' Whe " in the antibody 

30 hL Tt ^ " att3Ched t0 liP ° SOme S - f ace by 
high affinity, specific antibody binding to an 
ant substrate covaientiy attached ^ ^ 
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7 - The method of claim a * 

8 - 11,6 " Iet »°" of claim 4, wherein th. 
immunogenic polvDeoti,,. • •""•rein the 

Erectly to a iZZ , " ™ a " er9e " 
10 surface P ° lar « «« liposome 

poiypeptia? 6 Mth0d ° f CUim 4 ' " he «- «- 

» inhibitor sumsSare ' """^ * - 

e Particle s "*>strate, comprising 

25 the polypeotid. ? su PP° rt < and 

binuing J J^^T ^ te T** * 
=: by , but not 00;^.^^ " 

uyer "a =o™:r p o°;;r :: oi t io - — - — 

•bout i.ooo-io.ooo oaltons ^ SUeS """^ 
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12. The composition of claim io, wherein the 
particle support is a liposomal particle, and the 
substrate is directly attached to the liposome 
surface. 

5 

13. The composition of claim 10, wherein the 
substrate is an antigen, and the polypeptide is an 
antibody or antibody fragment. 

10 14 • The con, P° si tion of claim io, wherein the 

substrate is an enzyme inhibitor, and the polypeptide 
is an enzyme having a high affinity binding site for 
said inhibitor. 

15 15. A composition for use in treating a 

subject to reduce an allergic response to a 
polypeptide allergen, comprising 
a particle support, 

a layer of polyethylene glycol (PEG) chains 
carried on the outer surface of the support, and 

the polypeptide allergen anchored to said 
support to the surface thereof, wherein said allergen 
is surrounded by, but not covalently attached to, 
said PEG chains. 
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16. The composition of claim 15, wherein said 
layer is composed of PEG chains having sizes between 
about 1,000-10,000 daltons. 

17. The composition of claim 15, wherein the 
particle support is a liposomal particle. 
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The composition of claim ic 
a]lprrt ^ . 0 . on or claim 16, wherein the 

:iiiz:; s directiy attached to «- -~ 

alleroen • COmP ° Sition of ». wherein the 

allergen is anchored to the liposomal particle bv 
biotm/avidin coupling. Y 
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Fig. IB 




Fig. lc 
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Fig. IE 



WO 94/21281 



PCT/US94/03102 



3/10 




in Fig. 2 



II 

DSPE-NH 2 + BrH.C^N)--"' 



V 

j - • 



l 2 v 

IV 0' 



o 

BrCH 2 -!-NH-DSPE V 

Fig. 3 
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I 

NH 2 - (CH 2 CH 2 0) a CH 2 CH 2 NH 2 

Q-s-ci 



TEA 

NO, 



^JV-S-N- (CH 2 CH 2 0) n CH 2 CH 2 NH 2 
N0 2 H II 
O 

u 

TEA | N^N^^N N 



r \ 0 

\ 7~S -N- (CH~CH~C> nn nuxmA., 



N0 2 



«2 --—2'-''" n— •" 2 "*-** 2 «ii* w jj 
H ^LJ 



III 
TEA, DSPE 

ACIDOLYSIS 



Fig. 4 
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CH 3 

HO-(CH 2 CH 2 0) n H + CH 3 -Si-Cl 

I 

XII CH 3 



TEA 



I 



9 H 3 o o 

ii ii 



CH 3 -Si-0- (CH 2 CH 2 0) n H + CF 3 -S-0-S-CF 3 
CH 3 XIII 0 0 

TEA 



? H 3 O 
1 II 



CH 3 -Si-0- (CH 2 CH 2 0) a -S-CF 3 X IV 
I ii ^ v 

CH 3 J 



PE 



♦ 



H 3 + 0 I 
T 



HO-(CH 2 CH 2 0) n . 1 CH 2 CH 2 -NH-PE XV 

DMS0 I chJ-o-Lh 3 



I 



O H 3 C 
H ^CH 2 ( -OCH 2 CH 2 ) a . 1 OCH 2 CH 2 -N-PE 

XVI 



Fig. 5 
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jr^N-CH 2 CH 2 -(OCH 2 CH 2 ) n -0-CH 2 CH 2 NH-C-NH-DSPE 

I 



o 

HS- PEPTIDE 



r~\ 0 

JL /- CH 2CH 2 - (OCH 2 CH 2 ) a -0-CH 2 CH 2 NH-£-NH-DSPE 

S 

PEPTIDE 0 XXI 

Fig. 7 



o 
II 



HC-CH 2 - (OCH 2 CH 2 ) n -NH-DSPE + NH 2 -PEPTIDE 
HN* -PEPTIDE 



HC-CH 2 - (OCH 2 CH 2 ) a -NH-DSPE 

XXII , 

1 NaCNBH 3 



HN-PEPTIDE 



H 2 (i-CH 2 - (OCH 2 CH 2 ) n -NH-DSPE XXIII 

Fig. 8 
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II 

-O-C-BIOTIN 
XXIV 

I 

T 0 

DSPE-NH-C-BIOTIN XXIX 

Fig. 9A 



DSPE-NH 2 + 




IgG-NH 2 + NHS-BIOTIN XXIV 

1 

O T 
II 

IgG-N-C-BIOTIN XXVI 



H " m ? h 

N-C~BIOTIN- f-[-j -BIOTIN-C-N-IgG 

Fig. 9C 
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